INTRODUCTION
Tracking antennas using the monopulse technique to determine the target direction have been in service for many years. It is well known that cross-polarisation in the difference channel on boresight will lead to a tracking error for incoming signals that do not have perfect polarisation purity. However this is precisely the problem that afflicts the offset reflector with monopulse feed. This paper reports upon a novel solution to the problem based upon corrugating a portion of the reflector surface such that the antenna cross-polar is reduced, or even cancelled on boresight.
Monopulse antennas are used for a range of applications from tracking radars to command and data communication links. Often, the monopulse receiver is only implemented in azimuth, with elevation information (if required) being derived from other means, for example the altitude of the target vehicle. We are currently developing such an antenna system using an offset reflector with two hom feed. In order to minimise the swept volume, mass and vibration of the antenna, a short focal length is preferred. The offset configuration introduces a cross-polarised component into the monopulse difference pattem on boresight. This cross-polarised signal will couple with any depolarisation of the incoming signal to create an azimuth tracking error. To scope the problem, a cross-polar signal of approximately -15dB can be quite serious in terms of angular mis-pointing.
A number of cures for the cross-polarisation problem can be considered. Increasing the reflector focal length will obviously reduce this cross-polar signal level but the reduction is a slowly varying function and the resulting geometry will suffer from adverse mechanical and vibrational performance. A more compact form of increasing the effective focal length is to employ a dual reflector configuration, such as the Gregorian. This antenna arrangement is more complicated and expensive. Gridded reflectors have been developed for the space industry to control cross-polarisation with short f/d reflectors. Their composite construction is not best suited for tough terrestrial environmental conditions such as ice loading.
ANTENNA CONCEPT
The approach we have investigated is to introduce a set of corrugations into a portion of the surface of the reflector. The cormgations are formed from quarter wavelength deep grooves set at 3 4 per wavelength. Their effect is to reverse the polarisation of the cross-polar component from this part of the reflector such that it cancels the cross-polar from the rest of the surface. The CO-polar signals reflect from the front surface in the normal way and so are un-affected by the cormgations.
Our physical optics reflector analysis software was modified to cater for the polarisation response of the corrugated surface.
Initial calculations used the previously reported surface impedance matrix approach that had been used to analyse carbon composite reflectors (reference 1). However, this formulation did not allow for the angular dependence of reflections from a corrugated surface. Therefore the surface impedance matrix was modified as shown below, with being the angle of incidence and Rij being the reflection coefficients. Subscript i refers to the plane of incidence and the second subscript to the field polarisation (I=parallel, 2=perpendicular).
Flat plate samples of the corrugated surface were measured using the standard two hom reflection set up to determine values for the reflection coefficients. Figures 1 and 2 show the comparison between theory and measurement for parallel and perpendicular plane of incidence respectively. In most cases the agreement is good, the poorer agreement close to normal incidence for perpendicular polarised signals is felt to be due to high reflections in the test set up.
Our test antenna has a projected aperture of 38 by 26 wavelengths and an f/d of 0.53. The polarisation is vertical and corrugations are vertical.
PREDICTED RESULTS References
The software model has been used to analyse two 1. Boswell, A., Brewster, D.C., different approaches to reducing the cross-polar "Some electrical properties of CFRP Reflector component. Our fmt and favoured approach was to Antennas". Proc Figure 5 shows the difference pttem cross-polar. This plot clearly shows that the half Corrugated surface has introduced a null on boresight but with the addition of two lobes close to boresighc the pattem is similar to a sum pattem cross-polar plot. Figure 6 shows the sum pattem cross-polar plot, which now shows a peak on boresight.
The sum pattem CO-polar paaem is shown in Figure 7 .
This has an unfortunate lOdB degradation in the sidelobe paaem together with a slight asymmetry in the beam shape. For this reason, this corrugation scheme is not a good idea.
The better approach is to corrugate the outer edges of the reflector. A parametic study was carried out to assess the effect on difference-pattem crosspolar radiation, and possible side-effects on other performance indicators, resulting from varying the proportion of reflector surface that was corrugated. It was found that not much change followed in the copolar pattems (both sum and difference). In the crosspolar pattems, that of the sum channel showed a widening in the central null without much change in the magnitude of the split main lobe. The difference channel crosspolar pattem showed the desired reduction in the central lobe, with the f i t sidelobe occurring at about the same mangitude as before but at a larger angle off axis. For our requirements, the best performance was obtained with 20% of the reflector width corrugated.
Figures 8 to 11 show radiation pattems of the new design compared to the un-corrugated case. Figures 8   and 9 show the sum and difference CO-polar pattems. There is little change apart from the filling in of sidelobe nulls. Cross-polar panems are shown in Figures 10 and  11 . The sum pattem cross-polar response (Figure 10) shows the degradation in sidelobes whilst Figure 11 shows the important reduction in boresight difference paaem cross-polar. This improvement is approximately 
